Design, synthesis and biological evaluation of mannosyl triazoles as FimH antagonists.
Urinary tract infection (UTI) caused by uropathogenic Escherichia coli (UPEC) is one of the most prevalent infectious diseases. Particularly affected are women, who have a 40-50% risk to experience at least one symptomatic UTI episode at some time during their life. In the initial step of the infection, the lectin FimH, located at the tip of bacterial pili, interacts with the high-mannosylated uroplakin Ia glycoprotein on the urinary bladder mucosa. This interaction is critical for the ability of UPEC to colonize and invade the bladder epithelium. X-ray structures of FimH co-crystallized with two different ligands, the physiological binding epitope oligomannose-3 and the antagonist biphenyl α-D-mannoside 4a revealed different binding modes, an in-docking-mode and an out-docking-mode, respectively. To accomplish the in-docking-mode, that is the docking mode where the ligand is hosted by the so-called tyrosine gate, FimH antagonists with increased flexibility were designed and synthesized. All derivatives 5-8 showed nanomolar affinities, but only one representative, the 4-pyridiyl derivative 5j, was as potent as the reference compound n-heptyl α-D-mannoside (1b). Furthermore, a loss of affinity was observed for C-glycosides and derivatives where the triazole aglycone is directly N-linked to the anomeric center. A conformational analysis by NMR revealed that the triazolyl-methyl-C-mannosides 8 adopt an unusual (1)C(4) chair conformation, explaining the comparably lower affinity of these compounds. Furthermore, to address the druglikeness of this new class of FimH antagonists, selected pharmacokinetic parameters, which are critical for oral bioavailability (lipophilicity, solubility, and membrane permeation), were determined.